Inflammatory eye disease continues to be a significant cause of severe visual loss, particularly amongst young adults. l , 2 This is despite increased understanding of the complex mechanisms that underlie the pathogenesis of uveitis.3-5 The choroidal vasculature is known to be intimately involved in the inflammatory process 6 -9 but is difficult to study in vivo as only limited information is provided by fluorescein angiography. High-quality images of the choroidal vessels can now be obtained using indocyanine green (ICG) as the contrast This study was carried out to assess the extent and type of choroidal involvement in a variety of inflammatory eye diseases in man using ICG choroidal angiography.
Methods
This study was approved by the hospital ethics committee and informed written consent was obtained from all patients for inclusion in the study. Patients with posterior uveitis were recruited from the specialist uveitis clinics and Medical Eye Unit of St Thomas' Hospital, London. Patients with retinal vasculitis had symptoms of visual disturbance with vitreous cells (with or without anterior chamber activity) and retinal inflammatory signs of periphlebitis, macular oedema and/or swelling of the optic disc. Patients with active choroiditis had symptoms of visual disturbance with vitreous cells (with or without anterior chamber activity) and lesions evident ophthalmoscopically that appeared to be at the level of the choroid. Patients were diagnosed as having sarcoidosis on the basis of a compatible clinical history and examination combined with a positive tissue biopsy and/ or serum angiotensin converting enzyme level of ;" 90 IU (St Thomas' Hospital normal reference range 16-53 IU). Patients were excluded if they were pregnant or had a known allergy to iodine, as the commercial preparation of ICG used in this study, Cardio Green (Paesel and Lorei, Frankfurt, Germany), contains iodine.
Ophthalmic examination was followed by colour fundal photography and angiography. The majority of patients had fluorescein angiography performed at the same time as ICG angiography, while a few had ICG angiography alone. Fluorescein angiography was performed with a standard fundus camera (Kowa Pro-I, Tokyo, Japan) or with a scanning laser ophthalmoscope (model 101, Rodenstock, Munich, Germany) using the argon laser. ICG angiography was performed with 50 mg of ICG on both eyes of all patients using the infrared diode laser of the scanning laser ophthalmoscope. Pictures were taken for the first 5 min of the ICG angiogram, then at 10 min and at 30-40 min. Data were recorded on U-matic videotape and specific images were captured using a framegrabber.
Results
A total of 34 patients were recruited into the study: 14 men and 20 women with a mean age of 44 years (range 21-75 years). The study group consisted of 27 Caucasians, 3 Afro-Caribbeans and 4 Asians. The diagnoses included 6 patients with retinal vasculitis and 28 with chorioretinitis of various aetiologies (Table 1) . Table 2 gives brief details of the patients chosen to illustrate various angiographic findings (Figs. 1-12) . Table 3 summarises the angiographic findings in all the patients studied with retinal signs and includes the findings in the subgroup of 6 patients with a diagnosis of retinal vasculitis. Fluorescein leakage was detected in areas of periphlebitis, macular oedema, from vessels Table 4 summarises the angiographic findings in patients with chorioretinitis. ICG angiography provided more detailed information about the nature of the choroidal involvement than the accompanying fluorescein angiography. Lesions that appeared to be actively inflamed on a basis of clinical history and ophthalmoscopic appearance showed hypofluorescence on ICG angiography. More detailed consideration of these hypofluorescent areas suggested two possible pathologies. In the most common form, the hypo fluorescence appeared to be due to masking of the choroidal fluorescence by infiltrate, presumably inflammatory. Larger, deeper choroidal vessels could clearly be seen in transit posterior to the lesions (case 3, Figs. 5-7). Less commonly, the hypofluorescence Secondly, most pathological material available for study in man necessarily comes from eyes so severely damaged by the inflammatory process that they have required enucleation and are therefore in the end stages of the disease process. ICG angiography has provided the opportunity to examine the choroid in man in vivo at different stages of disease.
ICG was not seen to leak from any ocular vessels in this study. In particular, areas that leaked fluorescein did not leak ICG (compare Fig. 1 with Fig. 2 and Fig. 10 with Fig. 11 ), indicating that ICG leakage is not a reliable sign of inflammatory activity. Sodium fluorescein by contrast, is a sensitive indicator of the increased blood-retinal barrier permeability that occurs during the inflammatory process and is an invaluable tool for assessing both the site and, to a certain extent, the degree of ocular inflammation. ICG is only a slightly larger molecule than sodium fluorescein but it is more highly protein bound in serum 1 2 (98-99% compared with 70% respectively) so would be expected to leak from vessels much less readily. ICG is bound to a range of serum proteins, 1 2-14 chiefly lipoprotein and albumin, and this binding effectively increases the molecular weight of ICG from 775 Da to 66-350 kDa. Studies have been performed aimed at quantifying the vascular permeability changes that occur in uveitis using fluorescein-labelled dextrans of differing molecular weights. Dextrans of up to 70 kDa leaked from inflamed retinal vessels and of up to 150 kDa from the optic disc. 1 5 , 16 Given these observations and the fact that frank leakage of ICG has been demonstrated from inflamed retinal vessels in a rat model of uveitis 1 7 it is perhaps surprising that in this study ICG leakage was not seen to occur. Frank ICG leakage from retinal vessels or the optic disc has not been reported even in areas of manifest fluorescein leakage. 1S , 1 9 Ill-defined late hyperfluorescence on ICG angiography, presumably due to choroidal leakage of ICG, has been reported as an inconsistent finding in clinically active areas in serpiginous choroiditis 2 o and birdshot choroidopathy, 1 8 , 1 9 while late pooling of the dye has been reported, again inconsistently, in Voyt-Koyanagi-Harada's disease (VKH). It therefore appears that, in contrast to sodium fluorescein, leakage of ICG is an unreliable indicator of areas of breakdown in the blood-ocular barriers that occur in inflammation.
ICG angiography did clearly demonstrate areas of inflammation of the choroid in this study and demonstrated these in greater detail than fluorescein angiography. The most common findings on fluorescein angiography that correspond to areas of active choroiditis are of early hypofluorescence with late hyperfluorescence -a combination of angiographic signs considered characteristic of active choroidal inflammation, 2 1 , 22 and illustrated in this study by Figs. 9 and 10. Active areas of choroidal inflammation were seen on ICG angiography as areas of hypofluorescence (Figs. 7, 11 and 12; Table 3 ). Dark areas on ICG The question then arises as to what pathology these dark areas represent. Dark areas on ICG angiography could firstly arise from areas of reduced dye influx, i.e. reduced choroidal perfusion. Secondly dark areas could arise when dye influx is normal but pathological changes in the choroid and/or RPE result in masking of normal choroidal fluorescence? 5 ,3 0 The hypofluorescent areas on ICG angiography in this study were most commonly due to masking, with obvious masking of the fluorescence from large underlying choroidal vessels (Figs. 7 and 11 ). This could be ascribed to granuloma formation within the choroid as has been shown histopathologically in a number of inflammatory diseases? 2 Similar ICG angiographic findings have been reported in a case of presumed choroidal tuberculoma.3 2 The suggestion that an area of hypofluorescence could be created by a choroidal infiltrate is further supported by an identical ICG angiographic appearance being produced by a variety of choroidal tumours. 33 Choriocapillaris loss in areas of active choroiditis was suggested on ICG angiography in a few patients in this study: within the corresponding hypofluorescent area the large underlying choroidal vessels were seen in increased contrast when compared with those in surrounding normal areas. ICG angiography has previously demonstrated localised choriocapillaris loss within the placoid lesions of APMPPE 25 while transient, more generalised choroidal hypoperfusion has been demonstrated in both APMPPE 29 and VKH? 6 It has been postulated in both these disorders that the perfusion deficits may be secondary to a choroidal vasculitis. Examination of the dark areas seen on ICG angiography provides more detailed information on the structure of fundal white areas seen clinically in a wide range of posterior inflammations and choroidopathies. The ICG angiographic findings are not incompatible with the unifying hypothesis of Ben Ezra and Forrester} 2 which proposes that choroidal white dots are 'the clinical expression of microgranuloma'. These findings do suggest, however, that in some white dot syndromes choroidal ischaemic changes may predOminate.
The choroidal vessels in all the patients in this study with primarily retinal disease appeared normal on ICG angiography, indicating that there were no macroscopic changes in the choroidal angioarchitecture in this subgroup of patients. Clearly, however, this does not preclude choroidal involvement in the pathogenesis of retinal vasculitis where many submicroscopic changes, such as alteration in the expression of cell adhesion molecules of the choriocapillaris, 7 have been demonstrated. This study has investigated the role of ICG angiography in a range of inflammatory eye diseases in man. ICG angiography appears to be a useful adjunct to fluorescein angiography in further elucidating in vivo the pathogenetic mechanisms in intraocular inflammation. 
